SUMMARY Combined recordings of the electroretinogram (ERG) and the cortical visual evoked response (VER) have been made together with the electroencephalogram (EEG) in 16 children suffering from a 'late infantile' form of 'neuronal lipidosis'. The ERG was not usually recordable, in keeping with a gross loss of function of the retinal receptor elements. However, in all the 16 children, at whatever stage of the disease, a grossly enlarged VER was seen (some 12 to 20 times higher in amplitude than in a control group) and visible as a discharge on the primary EEG tracing. The first components of the VER were, however, of fairly similar wave form and latency to those seen in the control children. This unusual combination of ERG and VER findings together with the EEG features have not been found in other groups of diseases.
Among the rare neurometabolic disorders known as 'neuronal lipidoses' there is a group of patients who show certain electroencephalographic (EEG) features not seen in any other group of disorders (Pampiglione, 1961 (Pampiglione, , 1968 Pampiglione and Lehovsky, 1968) . A distinctive feature during photic stimulation is the appearance in the EEG of large polyphasic spikes mainly over the posterior regions of the head in response to low rates of flash. The EEG is considered to have diagnostic importance in separating this particular group of patients from a wider range of cases often referred to as 'Batten's disease' (Pampiglione and Harden, 1973) .
As the visual system is involved in many familial degenerative disorders, and because a photic stimulus elicits unusual discharges in these patients, a special study has now been made of both the electroretinogram (ERG) and the summated visual evoked responses from the cortex (VER) together with the EEG.
METHOD
Since 1968, 16 children suffering from this particular form of 'neuronal lipidosis' were diagnosed from 61 rectal or cerebral biopsy as 'Batten's disease' (except for one sibling) and all showed a very similar clinical course-onset of fits beginning between 2 and 4 years, a characteristic progressive motor and later mental deterioration, increasing myoclonic phenomena, and death usually before the age of 9 years. These children were part of a larger group seen since 1959 all with the same disorder (Pampiglione and Harden, 1973) . The 16 children (nine girls and seven boys) were aged between 3 and 7 years at the time of these ERG and VER studies. In addition, a control group of 28 children without known visual or cerebral disorders and also aged between 3 and 7 years had similar neurophysiological studies for comparison.
The EEGs were taken with a technique already described (Pampiglione and Harden, 1973) . The electrodes were silver/silver chloride discs arranged on the scalp according to measurements from bony landmarks (Pampiglione, 1956 ) and fixed with collodion. In addition to the electrodes routinely placed for EEG (which included a midline occipital electrode 2 cm above the inion and one at the vertex), an electrode was also placed on the bridge of the nose at the level of the eyes for the recording of the ERG. (Figs I and 2) . The polarity of the early components of the VER was similar to that seen in control children (Fig. 2 ). This response consisted of a +ve component of fairly short duration (not consistently recognizable in the control children) followed by a -ve wave of somewhat longer duration. In some of the patients an earlier short duration -ve change was seen preceding these two components.
The mean peak latency of the usual first +ve and -ve components was only slightly longer in the patient group when compared with the control group (Table) recognizable, in contrast with the control group (Fig. 4) Copenhaver and Goodman (1960) in marked contrast with the preservation of the ERG in Tay-Sachs disease in which only the ganglion cells rather than the rods and cones are affected. These authors considered the ERG findings to be of considerable importance in the differential diagnosis of progressive neurological disorders. The absence of an easily recordable ERG in our patients would be in keeping with the histological findings of loss of rods and cones in post mortem material (Bielchowsky, 1913; Batten and Mayou, 1915; Seitelberger, Jacob, and Schnabel, 1967) in patients with very similar clinical history to those described in the present paper. Wolter and Allen (1964) consider this loss as secondary to accumulation of 'lipid substance' in ganglion cells.
Although an absent ERG does not necessarily imply complete loss of retinal function, it is somewhat surprising that the ERG should often be affected at such a relatively early phase of the disease when clinically visual loss appears to occur rather later. This is in contrast with the early loss of vision accompanied by a decrease in the size of the ERG, found in the juvenile form of amaurotic familial idiocy (Copenhaver and Goodman, 1960) . Our 16 children appeared clinically to have reasonably good vision until such a time when their general condition made such assessment impossible. In addition, any retinal pigmentary changes or optic atrophy were not usually seen until late phases of the illness.
In spite of a loss of the ERG in most of our patients, VERs were always of abnormally large amplitude and certainly did not suggest gross loss of function of the visual pathways. This combination of features would suggest preservation of macular rather than peripheral receptors, although histological reports in other cases have indicated greater loss of rods and cones at the macula (Greenfield, Aring, and Landing, 1955) .
VERs were not only recordable in our patients but the first components showed similar morphology to those seen in normal children of the same age. The amplitude of these early components, however, is so grossly enlarged that each individual response is seen as a large polyphasic spike even on the primary EEG trace. The mean peak latency of these components did appear to be somewhat increased, although for some of the patients these latencies were within the normal range. An increased latency might be in keeping with slower conduction along the visual pathways, but this needs to be investigated further. Although the enlarged cortical response may be recorded from a wide area over the scalp, it is maximal posteriorly and would therefore seem to involve the usual specific visual pathways. The great increase in the amplitude of these signals presumably occurs at one or more as yet unknown sites along these pathways.
It was difficult to assess the effect of altered stimulus intensity on these abnormal evoked responses in our patients. In the primary EEG traces the discharges seen with each flash often varied in amplitude and tended to decrease when the patient tried to look away from the lamp. These individual differences were, of course, lost when the evoked responses were 'averaged'. When the lamp was held further away from the patient there was no very obvious decrease in the size of the response. No such decrease was observed in control subjects either. Presumably the stimulus remains supramaximal until much lower intensities are reached. In one of our patients stimulation was presented to each eye separately (by covering one eye at a time). In this child there was no obvious decrease in the maximum size of discharges on the primary EEG trace with monocular stimulation. The averaged responses did appear to be somewhat smaller though remaining abnormally large. In normal subjects it is not usually possible to detect the response evoked by a single flash of light on the primary EEG traces without some type of superimposition or summation technique, as the size of the signal is usually much smaller than the spontaneous activity or 'noise'. In babies it is sometimes possible to record such potentials directly on the primary EEG, as during the neonatal period the response to a single flash of light is often rather large, and in addition the background activity is of relatively low amplitude (Ellingson, 1964) . These responses recorded in the neonatal period have a latency of around 100 msec and do not show any prominent short duration components.
There have been numerous reports concerning the visual evoked responses in patients with photosensitive epilepsy (Gastaut and Regis, 1964; Bergamini and Bergamasco, 1967; Broughton, Meier-Ewert, and Ebe, 1969) . In some photosensitive patients an enlarged visual evoked response has been recorded, but it is usually the later components (after 80 msec) that are enlarged. In fact, it is the disproportionately high amplitude of the early components of the VER which is such a distinctive feature in our patients.
Enlarged VERs with the features we have described have not been seen in any other socalled 'storage disorder' affecting the brain and in particular have not been found in children suffering from the juvenile form of 'neuronal lipidosis' in whom visual symptoms and a diminution in the amplitude of the VER are an early feature (Ellingson and Schain, 1969) . In a recent paper Green (1971) We have not carried out specific somatosensory evoked responses in our patients, but enlarged somatosensory responses were reported in the two siblings with this disorder described by Carels (1960) and were also seen in some of the patients reported by Green (1971) , whether or not they also showed enlarged VERs. In a heterogeneous group of progressive myoclonic disorders in different age groups, Halliday (1967) reported enlarged somatosensory responses as already observed in one case by Dawson (1947) . It seems likely that a somatosensory response of abnormally large amplitude is not as specific as a grossly enlarged VER as seen in our patients.
The unusual combination of neurophysiological findings seen in our group of children appears to be specific for this as yet biochemically unidentified metabolic disorder. It supports the diagnostic importance of the EEG findings in separating a particular disease entity from a wider group of conditions commonly referred to as 'Batten's disease'. In addition the gross enlargement of the VERs has physiological as well as clinical interest and further studies may lead to some understanding of the neuronal mechanisms involved. 
